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£ °*H^3<a. *0°M7iaKi. 7l^^tf>a^2» 

%hfc«.2.£*E| ^ngoj e7 g s - ^Tfl 

oil ^d^i-SHS nfl. H J -§-*!<*] 1 vfl^j 

£ ^3°u ^sig. iflofl §^ «7l«£ S ^ ^SK^sJ ^^-afloi) 

flail 
i i 
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A}£-*}£. ^dbWi-S-H^ tyQ {METHOD FOR THE PREPARATION OF 

H PURITY CARBON NANOTUBES USING WATER} 
^«3J 

i !€■ *)Ajofl lofl^ tfAj*V ^fcl4J**W2| ^A^X^D^ AHyo|Cj. 

£ 3£ -&jA|ofl 3 oI)^ ^Aj«> ^ARjAj^Dig AjAJolc}. 

Si 4^ ^Ajofl 2 S} AjA|ofl 3°J f^Hi^H Ej°! (Raman) 

5. 5^ -g-^ofl ^ 0 g^^<y^^ JZ^Tll £4}a|*I -§-<>>]# a} 

4Mi*V *J«3] 

IPS*] 

ago] ^*Rr 5| a $o\2\ #?fl7|£] 
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3*> a#&Uoot)sj <g>8# §oQ SH?«>## * 

1991^5. «J£S] o|oMd} (liji.a) ^ofl ojcfl n ^£7* *J 
7} #<g*l ^^SlJl ^h^i^". (CNT)£- cajole ^(graphite aheet)o| 

»\7)*\ ^<$o) £ *n «j£An §oj ^c|. x ^ aj**^ *i<>i 

ingle-wall Nanotube). C*§»J Mi-^-H (yulti-wall Nanotube) . c***^ ^ic-^H 
ope Nanotube) S ^IrS^. 

<ehfct*i^H2] aai ^ 7>A]3. £^ ^ Si^*. 3*H^r 

3# »<J<2].2.£. JL#2\ 7)1} A)7|- «^ofl tt}Ef o>a^^2} 

o|^^^ ^oj 5Uc^. Jp ^aj^A^f^fif ^ ^§ S^^Jl 5tf^ 7| 

§°1 Sm USP 5.424.054 (o}3^^) : Cheo. Phys. Lett. 243. 1-12 

995) (£flo|7^ 7\S\*&) : Science. 273: 483-487 (1996) (Zflo|^ 7lS}^) : USP 
210.800 (AoH^ ^^): USP 6.221.330 (7|*fl# QWS) : «0 00/26138 (7]*fl# 
3^)1. 
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^ £2| £i £^2* ^£ 4J^«} o}^- 

2 *WJ4 ^4: Lli-Tt-H^- tt^*}7| o|iM«> ^iQi:^ 

3.. ^±#3.^ M&Slt? ^SJ^M ne^l £68(pyrolysis) $ ^tWS 

^^q^HSl 3*1*3.2.^4 <$±£;S. 500-700 t) 5} 3 

«£1 ^^(^ 300-500 X:)3 o|.g.*V ##ifl o|£.ft> ^ 
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^ sh§-°] ^^oh^ji ^n^s-^ ^sj^-m <g## ^ § 

^ e°J<>fl>H S^slJi sm. 

NO x °J #o|3!, ZL%&2\ ^ l^*! 

*l § (G. Greeves et al.)£. Cj^S*} *}--§- c}^ . 

eicl ifl^SJ Jl£<Hl>M nil <3£9 (atomization)<2} 

ixin 8 m ^Sl<H NO x fif ^°l ^13^:2. A^olSl^ Effects 

water introduction on diesel engine combustion and emissions. 16th symposium 
ternational on combustion. The combustion Institue. 1976. pp. 321-336]. 

3>£ & <y*Hl ^ S.§^( D omentum)3 ^^ofl 7loj^ 

£ §^H1 §o| <g£6fl s|^>H W« u J-§-^§ 7^ OH e}^** 
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*l ^ 5tf§# AJl^Sa^ J. Ship Res. 39(1995) 172). 

4f5.*M 3^H2I Shi^i^H^ <UW ^ 5U§# ^^mjl £ 
£ c*<#*> ^u|i^« ^ ju<H>H H}-§-7fl uflofl 

tflZ Ih^hi-Sf" ^rti4icn}ol»1 (GNF. graphitic 

nofiber)£ *|^J1 -§-°lSf7ll ^ flch 

IPS 3 ?l 
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S/^cj^ 3^*1 tf-ct ^ ^2) u^**J*l 3^00 flojxj. §€■ °J 

ofl AJ^SJ ^fcfl^ 1 - 2000 30 - 1000 §^X. «^ 

50 - 500 tj^- n>%*|*}X]fc 100 - 300 3^% £j <£o S 3)7^ ^ 

** 2*3., *I.S.oa ^ 2000^X oj^oj §s Ah g.^ ^ tg^, o|6fl6floJ 

^cfl£l SLW 4> 
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1. (carbon-weter reaction): 

C *H 2 0 ---> CO +H 2 (1) 

2. §-^>}2}^i (water gas shift reaction): 
CO *H 2 0 — > CO2 *H 2 (2) 

3. 71)^ «}-§- (Steam reforming reaction): 
HC ♦ H 2 0 > H 2 +CO2 (3) 

4. *J^* 7|2} (Coal gasification reaction): 
Coal +H 2 0 > HC +C0 ♦ H 2 (4) 
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tfl «L>-§-°flAl£. 150- BOO *C AM°M ^cW d J Uj^nfl cfl^.^- 500 *C 

#71 <1)~<4) *ofl^. u}-§- (1) 1^ 4^ 715|HJ§ (4)3} 

si ^^sflofl s}*> a^§3 ^ # e*!*l.2.£ *M ^ ^ §ofl 2]*} 

o|oj ^ afi^c}. 

i*} ?m a J^r 0)2} ^O] ^4:^oi ^S}^*} $3) «}#ofl ojofl ^2}^ 

2] *}*] £§SW| a^S2j q$o\ ofl^ JttfelSI. o| H}§ 2f^oJ)A| §2} 

W°J oh e}ciz*£ e+^^oj a#£J2.S2j 
s^°s D -W^:n. a#§2] a:^^ 4 <y 7)cfl 

^L}^^«2) ^OJ] A^-g-Sj^- ej-t^oj t^-g-n} «}#*}o| ^u}i^«oj ^§ 
^<H=2J^ 5Ut}. ^L} ^ifi}^ ^ej «v-§-#o| 3^*}^ 

£1 M e>°fl ^i^Hf x\&t\±; 7]$2\ %%o\] 
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- ^3^^^ Urc diochorse) 

°fl ^^-g- cflAj itWfc ^^-S-# fht^ 

^3^. 7h±££ He3} H2 7 ^ 7 * #^oj] ^ 

§^3*f ^Hii^H^ 5L°^ol ^ef^Cf. <tf«l (He^ 3^ 200 

600 Torr)£ 4f7j*> afl «J °7|i3 £^ fi^ofl^ 

3 ^^ofl 3lo\M. °<J# ^o|7| ^6fl Ahg-£j£r §3 °<J£ *>3 

*J °J . ^ H J^JB.S «V#ofl ^£5]^ 1 - 2000 §%X. 4%-g*Ml£r 30 - 

00 <g^X. h}^*|*M]£ 50 - 500 C)-^ U^^l*f7Jl^. 100 - 300 S\ 

- *fl 0 ]*J (laser ablation) 

Z\\o)74 ^^^]3M *l£°fl £^ (Soalley) ^iMi^Hf 
fl| <>1^ ^ Sm. ^712} *F7| $|6lWfe 3000TCO|#3 Jl 
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o] *gS.V *L>«3. #B4=!om ^iLli^H^ <$4JS]*r £5.3. 1100t:~1300 

S\ £5L7\ tflo|^§ ol^-*^ S(fum«ce) °}oq 3*|ftV ~7| 

M?\JL. 1200 t^iSj ££7> 4MSJ^ 3. <L>«M °l^<>l*l*l 5Sc*. £^ 

*r£St»3 @:&l4*:#»7t ^SJ^J. 9jofl Co. Ni. Y § 

^^.S Hfl^^li^ 37}^ ^ 5M. 3^«a<H] 21<Ha]. a#££J °<J 

#oj7l S|6fl A^S|^ §£J ^«ge| *^S|^| 2jA]°J. $J«}*jo.£ «}#ofl 

1 - 2000 ^^*f7l)^- 30 ~ 1000 50 - 

0 u r ^*l*r?fl^ 100 - 300 SJ ^.2.3. ^7^? ^ flcj. 

- 7|4fe4t4?ia (CVD) 

o| ^^o|b|. oJ§ Ni. Co. Fe §o] 7f^ #o| ^o|ji ^nfl^^ 

(seed) £ *t£*M ^rfcL+i^«7f ^£J7| nfl^-ofl. ^ofl^# 

hid ^E] ^ in, 37|£| ^T+S 2°1 "i^ 7] 

oW. 7l^ofl A^5S^ ^"I^EflS ^ofl^<*f# §^*>o1 -g- 

2* >M?l7m. ofl^ a - ofl^oq^ sen qja^bJ)^ «^o| 0^ 

*} -g^ (sol -gel process) £ ^oflxHuf. ^<y*r# -g-^ofl ^-6flAl?J * 7|# 

£5 *rfc H <J3 0|#£l7|i tW. Al 7|# ofl3j<>Ij# Af#^c] 7J 
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^^Mii-S-H^ PECVD (Plasaa Enhanced CVD) . Themal CVD. LPCVD aow 

assure CVD). HFCVD (Hot Filaaent CVD) § 7j£S) SL^r CVD ^^©QaJ o|^cH^ 4> 

sH <g££. a^lJl ^ms. 5£h WW £.3. ^<U3 + Sm. §^ 

«r^S|Xl tf*l n J. «*#X)ofl ^5S]*f 7|^^.S 1 - 2000 

^x. ^£*r*lfc 30 - 1000 nre*l*Mlfe so - 500 §^x. tj^ «Hf*m;H] 

100 - 300 2) «^o S ^ 5JcJ. 

-7i#*Hj«a 

§^ W0 03/008331 X (2003^ 1^ 30^ -§-?H)^ ^°B^^ ^4^^ 

7r^€ u J#7l tflofl 7|Afl^o^ Htl«>fc ^3 ^^L|i^rH^ £ 

7|^^^# ?U\*\3. XlJ^Dj. o|S| tfl^o. £<U3^- 

H J#?D mi of] i<a*»^ u«a <g£sj #^<y^ %m a^- 7i 
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€-*U*r7| nfl^ofl «^«|*}Cf. §SJ ^«go) »V3S]*1 tt*!^. ^>#>8oQ 

^Sl^ ?\&2.3. «2J«V^£.5. 1 - 2000 ^^*>70^ 30 - 1000 

*tt*\tW& 50 - 500 Cj^ Hf^*l*f7fl£- 100 - 300 3 3 

£ *m«i ^«ao{j ^s^. >«4^*m § ^ 3-71 

11^3 *m Mlofl £-#3 ^EflS ^cWM. ^-S- -S-^^ °fl^3 <a 

tfl^oj] S^SJ tgtfl^ ofl^ ^ ( ^^Tf-in water-in 

1) -S-^^-$*^^<a^ ('?4Yl*Mn oil-in water*)*! ^ Efl . oj^o] 

z <rs<M ^ sa^ *ni)^si o}m^. 

# ^ #7| ^^^^ *f*l. -g-rfcSr§. #2}^. 

3 -r°r^2} A r ^ofl xtjEf c*^ ^af Dl^o^ <y^37l 51 a 
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Sl^V ^ Xm. £ «J«3on 5U°M. ^5.ofl X\2l3M°Q 
fnflS^^ § 4f7|&o8£ <$2V 4* *m. ^ 

§s 4» xm. 

o^e. 7|*fl: ^ 

^^lofl HJ^, 7M)*J ^-4fl<a (grinding). . 

. 3^ tJ-?fl WO 03/008331 2<>1| 7|?flSJ ^tg £ 

USP 5.147.841S10J] 7|7fl^ £^ ^ 5tf£-Cfl. £ ^ofl ^JIS 
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Sm. oi^*v ^±^^r <$±. <3£. ^°0>M -S^si^r 

3]£$!aJ£ 1-378 7\Q ^s. 5tm. 

£ trgsl a}^«V ^^ofloij ^^2} ^fl] H 2 . H 2 S. NH 3 

ofMcjDj. ^<a>flofl §#*t£.S Aj^s]^ ojo S ^ 

£ I^SJ 5E M<4£J g^SjSj ^^Jo|c}. *J«}*]o^ *°flg 

# U|3*J $4 6001C o|#i>} Jl^.ofl>H ^^iSJ 2*i«J <g£ 

£ °j6fl * D fl£ ^fcjtf ^hfc^Sj ^£.3. °J^of. c| l£h±:«^ H J-§- 

fflsj <Hii 3i ^A|# 4> Si*}, iflofl 37}*M5. o| 

*} ^nfl£] ^^2}^ #*1<H] ^ £ &3\ 7 \ 9X^*2. 4»rfc*r H J 

Tfl ifloa &>n«# *w ^ sm^- sa^. 

£ ^ofl/^ Ol^ft> A B J)^ ^.^SJ ttjtfol ^7}ofl ojojj qj^^oi ^Dfl 

7f£]£: ^ »l#7f>iofl U|cfl «^>8o| ^7j afl^ofl. §Sj ^7^^- 
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£ u J£-°fl Ajg^oJ^I o| 7 | nfl^ofl. ^?MJ sa«H-H oJ^ 7 f <Uc}. 

(a) ^nUSj : 250 irf/ 8 5] ^o|uf HH?-C|ofl FelNO^^ Co(N03) 2 
mpregnationjofl 2\*%M VzWtiM . ^nfl ^Tj * 300 TC3 £££ 

(b) ^Uin^H^ t4]£ : >tf7l (a)ofl^ ^fl^Sjjl £2* S^S^f ^ 
H ^ofl 0.2 g# ASofl ^}7|Sofl ^^1«V 27 omBl 

<HI $)*J>M*! 100 cc/ninS] ^^>H 1000 WW "JfSSj 

^-§-7)^ ££7f 1000 roil o|ai^ ^§7f>;£ 7|2J^1 «03! 2 vol% 
°3>M «§7}>:S 7|2*£l § io V0 1*7> S]£» ajo 7 , ^oj^oj 30 

^*)°}# ^ asm. 
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&t<4 2 

§ 100 «£ofl >a^S^°a^^H^ H£o}o|S (CTAB. CetyltrUethylaaaoniuB 
aside) Sg^g- ->o|Jl . •S^ 10 ^oJaJ igj*] «4ic*l*P» 3^*}*] <HI 

3 ^a*J5ac|. loQM *fl£*> 0.2 8 # 

unrtz) AEofl ^o}^ 37]£ofl ^A]*} ^3 2 7 mSj 4j<8**Sl S^Jfofl ^*lA]?) 
. 100 cc/ninSj ^£3. **\°*M 1000 TC^Tj «*#£°J £i£ . 

%?\2\ £&7\ 1000 TCofl o)^£ ^°fl>H ^ <HI^3 -§-^# 0.34 mt/uinS. 

(SEM) ^^*> ^2} ^^|ofl 1 H*) a#§ 
35- 33 1.2 nn 3£SJ AjA|ofl 12J. ctgst£. ^u|^^H7> ^^^^ 

^A|ofl 3 (B]a) 

JZ^i tHJ°f) §£| ^0^7] ^Ajofl loflx^ § 

SMI Afl£*f <*nflSj §^*> «}-§- £3^.3. ^^Ui^-H^ #^53^. o1«]ofl^ 
# ttJi M 2 volX7} ^7}>^ 7lS}A|5^ 1000 30£?J 
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^ 1.2 na ^AL»«c*»i©! 2£ ^ XZSic*. 

SM^c*. 

iiAM 2<*\Mtr ?\*\ oj^ofl Hjcfl AJ A |oll 3oflA^ 

H^j 0j J2^- [S. Maruyama et al . . Chemical Physics Letters. 

0(2002). 229] # &2l*\%L*\. 
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*U)°1] 13} ^ ^^£5 ol^-*}ol 800 of^ej 

5 volXg- ^*J*U § 10 vol*£ «SQ ^*>ol Shfcv4i^«£ 

oq ^iuiic^Hn s# ^vaw vjl o\^^ s v 0 i% ^ 

^A|o0 5 

*JA|°J] lofl ^€-2.3. 1 volX# ^<US};il § 10 vol%£ «»fl 7|#A|7l>H 

# -^WAt*. SEM a#^si 5X ^efycf. 

. SEM m% U J# 4$£ ^ 37j*l ^-T-ofl <tfo| 3£.o 

^Alofl 6 
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M 40 «eofl O.U (1.46 8 )S| CTAB 31 5.93g£J (CTAB^SJ 20H8)# 

Ol -g-°-3# ^i*>5S[^- 5.76 g£j § (CTAB^Sl 80*9)°!! 7|£°.S 

01M (0.065s) FeCl 3 # £$11*1 ?1 § *fl^5acj. ^€ S^** § 

ZQiW <>fl^^§ 0.046 8 2] NaBH 4 (FeCl^ 3«8)§ %7\ 

icroc.ulsion) -g-^# ^12:^53^. CTAB£- <#oj£>8 JQ*£&8?$S.M 

XL**W*Lo]jh. ^£€- ^^I^^^OUI. NaBH 4 ^ 

^^SJ ^.<a| (0.34 me/oin)^ (Ar. 100 seem) 9\ M)Jf 

5. 10O01CSJ «J-§-7| tflofl 20^ i^af^>H ^iuf)n-^H ^ H J-§-€" 
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*M°J] 6<>M£l i^ol^o} § oj FeCl3 oj ^j^oO ^cim^ ^ U J 

£ 6£ §oi 5#si*i ^^^dj <fcog^<y*w jieTfl £<ysj 

^A|ofl 62} 4M|oi] 7°J ^2}£ §o} M^ofl #oJ»} ^AH| 6 SJ ^Jf. 

«n*! cfl-y >t-8-e^ 2§ *|a|*kifc-. m\<$ 6ofl>M^ §«J*MI -§-^§ 

i^5a°°i. eop^sf §«m ^&tt£d. 

40 m£ofl 0.1M (1.46g)£] CTAB 51 2M (5.93«)S| if^§# ^7}^ ^ 
# ^2^53^. 1.44g2l § (CTAB2] 20Hfl)ofl ?l£.2.S 0.01M (0.095g)S| 

f-^JS* U J^J°S. CoCl 2 .6H 2 0 cfl>yofl 0.01M (0.031g)°J Na 2 S £ >J-§-*M -g-^ 

oflU^ (mi croemul si on) ^fl^ctS^. 
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#7| (0.34 Be/.in)# ££7»^ (Ar. ^ 100 sec.)*} ifl-*?- 

S. lOOOX:^ «>#7| iflofl 20-& i^c^-H ^Ll^-S-H ^ 2HS*I 

? 10 n ££i4i^«£ 4>^*i5a&# ^°J*}Sa°Dj. a# 

€■ 3*1 s% n|n>o.S ^°js|5ach 

^A|<4) 10 

§ 10 tdIS\ ofl^^- 40 meofl 3.516g (lOwtX. ofl^-§- 7]£)SJ §BJ -^>M °fi ^ 3! 
0) 5L^2}-?-2flolE (Tween<R)-20) * 0.0648« (0.4 mnl. O.Oiy ^1^1 «-<^# 

H-c- <8)2\ FeCl 3 # ^7fj|2 0.052 (0.4 mni . 0.0111 -§- 0 -3# <#) 

Cl 2 £ 37f*M ^^«> -§-oJi# *fl2*tS&Ct. o| -§-°4°fl 0.091g (2. 4nno 1)2] NaBH 4 ^ 
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(0.34 «£/«iD)# $&?\± {At. ^ 100 scc»)S* tftfl i**?- 

* io m ^isi ^^eisa^ «f«y*isa°Di. n# 

^^ofl 11 

*MoQ lOoflJtJ # 40 miS\ ofl^£ io £2^1*] AjAlofl io 

■§-^# ^r-§-*M n J. ^^lofl 9ofl*m 2 a iH4 o)^ 

-8-°-q (0.34 me/oin)# ££7f>: $o| tflif £s 800*C^ «}-§-7] ifl 

^ 10 nm ^uthi-S-H^ ^^^5S^# **°J*r5a£o| . ££^°J a# 

£ 3*1 ^#SJ 10 X olofo^ 5}«is)5a^. 

£<y*^ ?HHJo| carrier^ <2^5E. *rJl Si^. 
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( 



£ ^oi) ttfsoi. 7 |^oj 3^14^ hs| ^ £?j 37(1 
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Ec M *»ofl ^3^*1?* t^*»*r ^°fl 5U°M. «J#*1 tflog 

2] 

31 

1 #°fl 5>1<H^. # §^ofl 1 2000 

^9-^ 4] 
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6] 

m^- ji^i ^htui^ «si $3 . 

7] 

*d 1 91<>\M. ^*8^£ Uk^l^ 3^ i^- o|£j § S o|h 

8] 

7 1Ht 5U°i>H. 3£S> §So|s ^in^^ ^Eflsl **H^°I 

9] 
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10] 

w' 

Ji^v 11] 

4| 10 ^ofl flo^. <a^e> ofl^^^- <*nB^S] Hi<ti* 

^EflS Sister 2# ^.2.3. Jl^i . 

12] 

*] 10 ^ofl #o\M. 3£t> alS*^*}^ °^o|^-^. &°I£4J. «|o|^-^ ££r 
13] 

. 1 Ml*| 63 £43* E+Sl^ S - ^£S)*K* 6 m 

102] "J^^ ^5*^4:3. ?ofl^ >4^S|D), ^rfc. #-fc. 
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J^tt 14} 

£ o\^$ji\ ^ oi^sj ^oq>H <sqsi*r 3§ 

iJ^tt 15] 

X] 1 ^ofl flof^. H 2> H 2 S. NH 3 ojojo, 
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